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A

*  Engineering tests of the (Qi-37B were conducted to determine
the effect of the changes from the (H-37A configuration on the
performance and stability and control characteristics of the
helicopter,

This report presents the results of a 29 hour flight test
evaluation conducted during the period 5 September 1962
through 27 May 1963.

The test vehicle [U. S. Ammy S/N 54-0998) had been remsnu-
factured from a Gi-37A into a (H-37B by the incorporation of the
following major changes:

(1) Installation of Automatic Stabilization Equipment (ASE).

(2) Relocation of the horizontal stabilizer to a position
opposite the tail rotor.

(3) Installation of larger capacity oil tanks,

(4) Replacement of the split cargo door with a sliding cargo
door,

The performance data obtained during this test was compared
with that presented in "Limited Evaluation of the H-37A Equipped
With Wide Chord Blades' (AFFTC-TR-59-14) and the stability and
control comparison is made with the '1i-37A, Limited Stability and
Control Evaluation' report (AFFIC-TR-60-15). Performance data
comparison revealed that no significant differences exist which
would make necessary revisions of the Operator's Handbook. This
conclusion was based on level flight tests,

Not considering the ASE modification, the major stability
and Control difference is experienced in the longitudinal axis.
A larger degree of damping is present, and the short period
oscillations of the Qi-37B are approximtely ane-half those of
the Qi-37A. This change is attributed to the relocation of the
horizontal stabilizer,

Laterally and directionally, there is no apprecisble

difference. Directimal control response in a hover remains
excessive,

iii




The ASE improves the handling qualities of the helicopter
to the extent that rate respanses and attitude changes are
subject to increased damping. This is accomplished without
a reduction in control sensitivity.

The addition of the Automatic Stabilization Equipment
is a definite improvement and improves the controllability of
the aircraft while reducing pilot fatigue.
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ATA-TR~64-§

USATECOM PROJECT ND, 4-4-0180-01
~TRCTINING TLIC T
O3B
S Sep 67 to 27 May 63
GENERAL |
A. REFERENCES ,
A list of references will be found in Part III, Annex A,
B. AUTHORITY

This program was authorizeu on 11 May 1962 by the Commsnding
General, U. S. Ammy Aviation and Surface Muteriel Command, St. Louis,
Misswr{ , by means of an electrical message numbered TCMAC-EH-37-
050-01249., The Directive, in part, stated, "By Reference 1",
(Message TOMMD-AB-5-28-2 from DA, dated 8 May 62), "authority has
been received to conduct a twenty (20) flying hour program on i-37B,
S/N 54-998, to evaluate stability, cantrol and performsnce changes
resulting from changes incorporated during the H-37 remsnufacturing

program,*
C. DESCRIPTION OF MATERIEL

1. The Gi-37B is a twin-engine, single lifting rotor, all-
metal transport helicopter msnufactured by Sikorsky Aircraft,
Division of United Aircraft Corporation, Stratford, Comectiauit.

2. This model aircraft results fiom a modification of the (H-37A.
The following items outline the major changes incorporated in this

progran,
" (a) Automatic Stabilization Equipment (ASE).

This equipment was designed and installed to improw
the handling characteristics of the helicopter.

(b) Fixed Stabilizer.

The adjustable stabilizer located an the sides of
the fuselage have been replaced with a fixed stabilizer located on

the right side of the tail rotor pylon. -
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(c) Cargo Door.

A two section sliding door replaces the three section
swing-out door of the Qi-37A,

(d) 0il Tank,

A larger, rigid tank replaces the bladder-type
tank of the Qi-37A,

3. A detailed descnption of the - 37B is presented in
Annex D, Part III,

D. BACKGROUND

The (H-37A, S/N 54-998, arrived at Edwards Air Force Base,
Califomia, on 30 January 1957, It was retumed to Sikorsky
for modification and remanufacture on 17 October 1960, Major
changes included the addition of Lear Automatic Stabilization
Equipment and repositianing of the horizontal stabilizer.

On 14 July 1961, it was returned for testing to Edwards Air
Force Base as a "B'" Model of the Qi-37. The U, S, Air Force
Flight Test Center (AFFIC), Edwards AFB, California was requested
to conduct an evaluation of changes due to modification in
stability, control and nerformance characteristics of the "B"
model. The aircraft, however, was reassigned to the U, S. Army
Aviation Test Activity (formerly TMCATO) for testing after five
hours of flight time conducted by the AFFIC,

Flight testing began on § Sep 1962 at Edwards AFB, California.

Subsequent testing to 27 May 1963 was conducted at Meadows Field
Airport, Bakersfield, California and Edwards AFB,

E. TEST OBJECTIVES

This test program was initiated for the purpose of evaluating
the stability, control and performance differences resulting from
changes incorporated during the H-37 remanufacturing program.
This is as stated in the directive quoted in part in Section B.

F. FINDINGS
1. Performance
level flight power required as a function of airspeed

was determined ‘at density altitudes from 5035 feet to 10,130 feet.
Gross weights ranged to 24,290 pounds to 30,820 pounds and engine

and rotor speeds were mintained at 2600 and 185.5 rpm respectively,
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Individual test results are presented in Figures No, 3
through 6, Part II. Nondimensional susmary plots are presented
in Figures No. 1 and 2, Part II. The C-37B fuel consumption
versus shaft horsepower curves are presented in Figure No. 77,
Part II. The manufacturer's engine performance curves are
presented in Figures No. 78 and 79, Part III,

A comperison of the (H-37B test results with the findings
in the report AFFTC-TR-59-14, '"Limited Evaluation of the H-37A
Equipped with Wide Chord Blades', indicates a small difference in
level flight performance.” The shapes of the Qi-37B speed-power
curves are similar to those of the Cli-37A, liowever, there is a
displacemen* of the curve as illustrated in Figure A.

FIGURE A
( See next page )

The Qi-378 apparently required greater power at high airspeeds
and less power at low airspeeds than the Qi-37A, The ‘displacement
of the curve may be attributed to any or all of the following:

. (a) Airspeed Calibration. The airspeed calibrations used
aﬁﬁﬁg the two test pro differed, The Qi-37A
airspeed data were obtained from the standard ship's
system while the (i-378 was evaluated with airspeeds
obtained from a test (boom) system, The different
position errors from tie calibrations resulted in
CH-37A calibrated air.peeds which were generally 1
to 2 knots higher.

(b) Fuel Flow, The Cli-37B evaluation was conducted with
relatively high time engines {spproximately 150 and
350 hours), and carburetors which had not been flow
checked. An analysis of the fuel flow data shows
that for the same horsepower output, these engines
required a much greater fuel flow than the engines
used in -the Gi-37A test aircraft.

(c) Method of Measuring Power. The engine power data for
this report was cbtained by using the manufacturers
engine performance .curves (power chart), The Qi-37A
power was determined from torquemeter data,

(d) Drag. Drag, while probably the least likely cause of
power-airspeed differential, should nevertheless

be considered. The external canfiguration changes
made to the CH-37A which could create a difference in

drag are:

1 The method utilized in obtaining coipe ative values is outlined
in "Data Analysis Methods and Test Techniques", Annex B, Part III,

1.4
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9 (1) Relocation of the aft horizontal stabilizer
(2) Conversion of the side door

The frontal area of the H-37B horizontal stabilizer was
reduced approximately one-half while the new sliding
door protruded slightly into the sirstream and may have

added a small amount of drag. Thus, it appears that |
the drag difference between the two aircraft would be

so small as to have little or no effect on the power re-
quired.

Consideration of the above indicates that the actual performance
difference between the two cmfigurations if less than 5 percent.
Thus, no changes in the Operator's Manual are necessary, (Reference
MIL-M-7700A, Paragrsph 3.1.2,12,2; changes will be necessary if
altemate configurations result in a performance variation of more
than 5 percent).

2. Static Stabiiity

a, General !

} The static longitudinal speed stability of the GH-37B

! was evaluated by recording the longitudinal, lateral and rudder pedal
control positions required to vary airspeed sbout given trim conditions.
These control positions were recorded during climb, level flight, ,A
and autorotation. The test conditions are presented in the following

Table:
' TABLE 1
DENSITY  GROSS ROTOR TRIM
FLIGIT ALTITUDE  WEIGH SPEED C.G. AIRSPEED
REGIME -FT -LB -RPM LOCATION -KNOTS*
Climb 6290 30,710 192 242 (AFT) 65
Level F1t 4430 31,320 186 242 (AFT)  35,80,99
i Autoro- 6290 30,710 200 242 (AFT) 65,90
tation

* All airspeeds in the Stability and Control Sections of this report
are calibrated airspeeds unless otherwise noted,

Test results are presented in Figures No. 7 and 8, Part II,

¢ 1.6
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Static directional stability tests were conducted to determine
the amount of pedal and lateral control required to maintain a stabilized
angle of sideslip. Level flight and autorotation test results are
Pmsented and compared to CH-37A test results (Reference AFFTC-TR-60-15
'*H-37A Limited Stability and Control Evalustion') in Figures No, Y
through 14, Part II. The test level flight trim airspeeds were 45
and 85 knots. The average density altitude was 5360 feet, the average
gross weight was 30,770 pounds, the test rotor rpm was 186, and the
center-of-gravity was located aft at Station 242 (C.G. limits of the
CH-37B are from Station 228 forward to Station 245,1 aft). During
autorotation the rotor speed was increased to 191 rpm and the test trim
airspeeds were 42, 53 and 57 knots calibrated airspeed.

Low speed forward and rearward flight in-ground-effect was
conducted to obtain data for analysis of the hovering characteristics
during headwinds or tailwinds, Sideward flight tests were not conducted
because there were no configuration differences which would indicate a
change in characteristics for this flight regime. The tests were con-
ducted at a wheel height of approximately SO feet, a density altitude
of 1900 feet, a rotor speed of 193 rpm, an engine speed of 2700 rpm,

a c.g. at Station 236.5 (mid), and a gross weight of 30,020 pounds,

b. Static Longitudinal Speed Stability

Longitudinal speed stability was determined to be positive
for all airspeeds above 45 knots at all flight conditions, There were
no objectionable discontinuities and the speed stability became more
positive as airspeed was increased, Qualitative pilot comments in-
dicated that the static speed stahility characteristics were the
same with the Automatic Stabilization Equipment (ASE) both "on" and
"off", Figure B compares the CH-37A and (i-37B longitudinal control
positions as a function of calibrated airspeed.

FIGURE B

( see next page )

The CH-37B required an average of seven percent more forward longitudinal
lic control and the speed stability gradient became more positive as
airspeed was increased. This forward control position and the more
positive stability was attributed to the greater moment created by the
new stabilizer location. Qualitatively, there was no detectable
difference in static longitudinal stability between the Qi-37A and the
Qi-37B.

c. - Static Directional Stability

The CH-37B exhibited positive static directional stability
in level flight., The tests results indicated increasing positive
stability gradients as airspeed was increased. ASE operation did not

1.7
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have a significant influence on the static directional stability., Extrap-
olation of the test data indicated that at least a ten percent control
position margin existed for stabilized sideslip angles of 45 degrees at
low speeds and 15 degrees at high speeds,

The static directional stability in autorotation was determined
to be weakly positive for airspeeds of 42 to S7 knots with only 0.16 inches
of pedal input required to change the sideslip argle from 15 degrees left
to 15 degrees right, Maintaining a stabilized sideslip angle in autoro-
tation was extremely difficult. A '‘wallowing'' motion was experienced and
directional control inputs had little effect on yaw attitude. These tests
results were similar to those reported during the Qi-37A tests. As in the
level filight case, no significant difference was noted between the ASE
"on'"" and "off' data, however, qualitative pilot comments indicated that
stability was improved with the ASE operative and the directional flying
qualities were better. Sufficient directional control was available to
produce sideslip angles similar to those obtained in level flight.

Dihedral effect, as indicated by lateral control positions
during steady sideslip, was positive at all sgeeds in level flight and in
autorotation above 50 knots. During level flight, dihedral effect in-
creased with airspeed and was the same with the ASE both ''on" and "off".
This positive dihedral effect;, coupled with the strong static directional
stability, gave the helicopter good pedal fixed maneuvering capability
in level flight., During autorotation, the dihedral effect was weakly
positive for airspeeds above 50 knots and was neutral or negative below
50 lmots. The rotor rpm ranged from 190 to 192. This weak or neutral
dihedral effect, in addition to the marginal static directional stability,
made it extremely difficult to maneuver or maintain yaw attitudes during
autorotational descents. Turbulence increases the pilot effort and
might prevent adequate maneuvering required for a safe autorotational
landing.

d. Control Positions in Forward and Rearward Flight

Forward and rearward flight test results are illustrated in
Figure No. 15, Part II. Notable differences were found between the
CH-37A and G1-37B collective and pedal positions. This was mainly .
attributed to the CH-37A tests being conducted at a rotor rpm of 186
as compared to 193 for the C-37B, Some variation was also attributed
to the change in the location of the horizontal stabilizer. More than
30 percent of the aft longitudinal stick travel remained at 30 knots in
rearward flight. There weve no unusual lateral or directional control
requircments as rearward flight speed increased up to 30 knots, TAS.

e. Miscellaneous
It should be noted that the data for the report AFFIC-TR-

60-15, H-37A Limited Stability and Control Evaluation, were obtained
from Qi-37A, S/N 54-0998, while that helicopter was fitted with wide

1,9
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chord plates, but still rigged for narrrw chord blades. In essence
this means the comparative (H-37A control position curves presented
on the static stability plots in this report may vary somewhat from
curves that would have resulted had the blades been rigged in the
wide chord configuration as they were in the Gi-37B test aircraft.
Static longitudinal speed stability, static directional stability,
and control positions in forward and rearward flight are the plots
affected. Performance data and dynamic stability plots are not
influenced by this rigging difference. The blade pitch variations
are as follows: ’

TABLE 11
BLADE READINGS
A - Narrow B - Wide
Left -4°¢1° -7° 48' ¢ 1°
Right 20°¢1° 16° 12' ¢ 1°
Pud, -6° ¢+ 1° -9° 48' ¢+ 30°
Aft, 20° ¢+ 1° 16° 12' ¢ 30'

The different rigging configurations are presented in
the accampanying sketch, Figure C, for comparative purposes.
FIGURE C

(See next page)
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FIGURE C
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A~Blade pitch variation of the Gi-37A
B~Blade pitch variation of the (Oi-37B
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3. Dynsmic Stability

s, General

The CH-37B dynamic stability characteristics were determined
by analyzing the time histories of the helicopter motions resulting
from pulse type control inputs. This analysis considered damping, control
lag, curve shape, and qualitative pilot comments. Typical time histories
are presented in Figures No., 16 through 33, Part II,

Tests were conducted in hover and level flight about the
longitudinal,.lateral and directional exes with the ASE both "on" and
“off". Hovering dynamic stability tests were conducted in calsh aiyr
at an average density altitude of 1500 feet, a mid center-of-gravity
location (Station 236.5), & rotor rpm of 194 and an average gross weight
of 30,000 pounds.

Level flight tests were conducted at 6000 feet average density
altitude, aft center-of-gravity location (Station 242), average rotor speed
of 186 rpm, and an average gross weight of 30,000 pounds, Tests were con-
ducted at both low and cruise airspeeds.

b. Longitudinal Dynamic Stability

The initial aircraft motion following a longitudinal pulse control
input was in the proper direction. In all cases with the ASE "oft", damping
decreased as the airspeed increased. At cruise airspeeds the short period
pitching motion was divergent, Pulse inputs at low airspeeds and in
hovering flight resulted in an oscillatory divergent motion that required
pilot recovery during the second half of the cycle.

The longitudinal motions with the ASE "off" in both low and
cruise speed flight had osciilation periods which were approximately one-
half those recorded for the CH-37A in the report, AFFTC-TR-60-15. The
relocation of the horizontal stabilizer apparently provided greater
damping in pitch during forward flight.

Longitudinal dynamic stability was improved considerably
by the addition of the ASE, All pitching oscillations were damped in
less than one cycle. Damping was higher at low airspeeds than in
hovering flight and some reactions exhibited dead-beat characteristics.

C. Lateral Dynamic Stability

In all cases initial helicopter motion following a lateral
pulse input was in the direction of the control input. Deamping was
greatest in hovering flight and at low-airspeeds, With the ASE in-
operative pilot recovery was necessary because of divergent lateral
oscillations., Pitching motions and lateral-directional coupling were
present in all flight regimes and in a hover the yaw motion
was divergent.

1 Henceforth, in this report low air;f:eed denotes lmmxintely 45 knots
CAS and cruise airspeed denotes approximately 85 knots CAS,

1.12




d. Directional Dynamic Stability

The helicopter yawed in the same direction as the pulse
control input, in all cases.

Little difference in dynamic stability was noted between
Gi-37A and the (H-37B with the ASE "off". In all flight regizes
right pedal input resulted in a tym to the right with an oscillation
the yaw axis while left pedal pulses created an oscillation
t the trim axis with no heading change. Yaw rates from the oscilla-
tions were high but the relatively long time required to reach maximm
pilot to recover without difficulty. The high tail rotor
location resulted in an initial small adverse lateral-directianal coupling
caused by changes in the tail rotor thrust. This coupling was prevalent
at both low and high airspeeds. An initial nose-up pitching motion
followed a left pedal pulse during hovering flight. In all other condi-
tions, the helicopter pitched nose-down after the directional input,
Ground effect and translation influenced motion about the pitch axis
when conducting hovering stability tests.

With the ASE "on" all oscillations damped to zero within
one cycle. Attitude returned to trim and there was a small opposite
roll contributed by the tail rotor moment about the roll axis. Charac-
teristics are similar for all airspeeds tested, including hover.

4. Controllability

Controllability tests were conducted to determine the heli-
copter response characteristics to control inputs., Step control inputs
were used to evaluate these characteristics. The analysis of the data
included control lag, maximm values, time to reach maximm values,
discontinuities in the @urves, and the resulting helicopter attitudes.
The time histories are presented in Figures No. 40 through 59.

Hovering flight tests were conducted in-ground-effect at 500
to 1,000 foot density altitudes with average gross weights varying from
30,150 to 31,025 pounds. The center-of-gravity was at Station 236.5 (mid)
and rotor speeds utilized were from 192 to 195 rpm. All tests were
conducted in a stabilized hover.

The level flight tests were conducted within a density altitude
range of 4000 to 6000 feet and with average gross weights between 30,000
and 31,000 pounds. The center-of-gravity was maintained at Station 242
(aft of mid), and the rotor speed was 186 rpm. Characteristics in
forward flight were evaluated at speeds of 45 and 85 knots CAS.

a. Control Sensitivity

The control sensitivity was determined by analyzing the
angular accelerations resulting from step-type control ts., lo
significant differences were found when comparing ASE ''on” and ASE ''off"
data, The maximm values obtained and characteristic shapes of the
accsleration curves are approximately the same,

1.13
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. Maximm angular acceleration versus control displacement
are presented in Figures No. 34, 35 and 36, Part II. These plots
indicate that sensitivity is non-linear at higher airspeeds in the
lateral and directional axes. This non-linearity is not objectionable .
since the large control inputs required to reach the non-linearity ;
candition are seldom required during normal operations.

J Table III provides a control sensitivity comparison between
the Qi-37A and the i-37B,

TABLE III

CONTROL SENSITIVITY COMPARISON BETWEEN Qi-37B § G1-37A .
(Sensitivity is measured in degrees per secand?)

Flight Conditions:

CH-37A; refer to AFFTC-TR-60-15 3
Qi-37B; refer to Figures No. 34 through 36 . 4

Longitudinal Lateral Directional

Pwd, Aft, Left Right Left
Hovering (OGE)
CH-37B 8.0 8.0 16.3 16.3 25.0
i-37A 5.5 6.8 29.5 29.5 22.5
Low Airspeed
45 Knots CAS
CH-37E 8.0 8.0 14.3 14,3 25.0
-37A 5.5 6.8 22,0 22,0 22.5
Cruise Airspeed
85 Knots CAS
Qi-37B 9.8 9.8 13,0 19.0 32.5
ai-37A 8.0 9.0 28.0 28,0 27.0

b. Control Response
(1) Longitwdinal response (Reference Figure No. 37, Part II).
The maximm longitudinal angular velocities recorded

in hover and at low airspeed without ASE were 8.5 degrees
per second per inch of langitudinal cyclic input in

1.14
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(2)

either direction. The time required to achieve
the maximm values of angular velocity averaged
2.8 seconds in a hover and 2.9 seconds at low air-
speeds. Time histories of a‘titude indicate a
pure divergence in both directions. However, the
requirements of MIL-li-8501A, paragraph 3.2.11.1

are met. The long periods of the rate oscillations
and the tendency for the angular acceleration to
remain above zero also bear this out. During low
speed flight the trim airspeed had changed only one
to three knots at the time of recovery. At cruise
airspeeds the pitch angular velocity increased to
a value of 11.5 degrees per second for a one inch
control input in either direction. This maximumm
was achieved approximately 2.5 seconds after the
initial control deflection. The c.g. normal accel-
eration changed approximately 0.3g's in just over
two seconds. No significant differences in control
response existed between the (i-37A and the Gi-37B
at cruise airspeed.,

With the ASE operative during hover and low airspeed
flight, the control response was 4,5 degrees per
second per inch of forward or aft cyclic movement.
Maximmm rates were reached in approximately 1,3
secands in a hover and 1.2 seconds at low airspeeds,
The helicopter pitched according to the direction of
the control input and retumned approximately to the
initial trim attitude within 8 seconds. When trimmed
at 45 knots an aft step caused the calibrated air-
speed to steadily decrease to approximately 25
knots. The calibrated airspeed increased from 45
knots to approximateiy 70 knots in 7 seconds after
a forward step, and c.g. normal acceleration slowly
decreased to 0.8g's. The very slight adverse
lateral-directional coupling which resulted from an
aft step was not objectionable., At cruise airspeeds
the control response was 5.5 degrees per second per
inch of control input and time required to reach
this value averaged 1.1 second. These values were
the same for both forward and aft inputs. The heli-
copter restabilized in an attitude several degrees
from trim and the airspeed change was 15 or 20 knots
within 10 seconds. The c.g. normal acceleration
varied spproximately 0.3g's depending on the
direction of input.

Lateral Response (Reference Figure No, 38, Part II).
During hover and low airspeed flight with the ASE
"off", a lateral cyclic step input produced a rolling

velocity of 12.5 degrees per second per inch of
control displacement in approximately 2 seconds.

1.15
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Aircraft motion following a right step input was
right roll, right yaw and pitch nose-down. A

left cyclic stick input resulted in a left roll,

an initial right yaw, and a pitch nose-up. The
right yaw changed to left yaw after several secmds
and developed into a coordinated left turn. A
right lateral step at cruise airspeed resulted in

a roll sngular velocity of 20 degrees per second
while the rate response to the left was only 11.5
degrees per second. In general, the helicopter
rolled and turmned in the ditectim of lateral cyclic
control input, The C-37A exhibited similar charac-
teristics (Reference AFFIC-TR-60-15).

Lateral cyclic movements in hovering or during low
airspeed flight with the ASE "on" resulted in an
angular rolling velocity of 6.6 degrees per second
to the left and 7.3 degrees per second to the right.
Maximum values occurred 1,1 seconds after control
input. In hovering flight, the msneuvers caused
loss of altitude and early recoveries were necessary
because of the ¢lose proximity to the ground. At
low airspeeds some bank attitudes reached 30 degrees
before recovery was initiated, but the roll rate ,
damped to approximately 5 degrees per second.
Response to left and right' lateral cyclic inputs at
cruise airspeeds with the ASE operative resulted in
average maximm roll rates of 7.5 and 11.5 degrees
per second respectively. These maximum values

were attained in approximately 1 second. The pitch
and yz * attitude changes encountered previously
were not present during operation of the ASE.

Directional Respanse (Reference Figure No. 39, Part II),

With the ASE "off' directional step inputs provided
by abrupt pedal movements in a hover resulted in
maximm control responses of 41.0 and 62.0 degrees
rer second per inch of control input for left and
right inputs respectively. These maximum values were
reached in 3.7 seconds. At low airspeed the maximm
rates dropped to_18 degrees per second for inputs in
either direction and peaked in 1,8 secands. These yaw
rates are excessive, especially in a hover, however,
pilot recovery is not difficult because of the time
m}uimd to reach the maximm value. Although rates
fered considersbly between the two. flight conditioms,
the helicopter attitude changes were gimilar, A
right pedal input made the helicopter yaw right,
roll right, and pitch dowmn. Inputs to the left

1.16




initiated a left yaw, a slight right roll
followed by a left roll, and a slight pitch

up. T-e& (-37A had essentially the same re-
sponse characteristics (Reference AFFIC-TR-
60-15). At cruise airspeed the maximum

control response increased to 17.8 degrees

per second which was achieved in 1.4 seconds
after the initial input. Pedal inpuis in either
direction resulted in coordinated oscillating
tums. The helicopter pitched nose down slightly
after a ri?:t pedal step and slightly nose up
after a left input. The (H-37A exhibited similar

responses, -

Maximm yaw rates attained during hover with the

ASE "on", were 15,0 degrees per second in either

direction and reached maximm in approximately 0.9

seconds. At low airspeeds the helicopter entered

a turn with a small oscillation about the yaw axis.

Control responses were 9.0 degrees per second

attained in 1.3 seconds after control input. At

cruise airspeed the maximum angular velocity re-

sulting from one inch pedal inputs with the ASE "on'
[ was 9 degrees per second attained in 1.1 seconds,

Motions with ASE "on' were similar to those with
the stability systc—: inoperative. The high damping
provided by the AS: does not prevent adequate
maneuvering capebility.

S. Automatic Stabilization Equipment Malfunctions

Tests were conducted to determine the aircraft's reaction to
an ASE failure and the pilot effort required to control this reaction.
The two types of failures analyzed were hard-overs and feedback circuit
failures (oscillating hard-overs). A remote panel was provided by the
aircraft manufacturer for the purpose of similating the desired type
of failure. This simulator panel is illustrated in Figure D, (Page 1.18)

Two types of pilot response were utilized for this test:

1, The controls were held fixed until recovery was necessary
2, An immediate recovery attempt upon sensing an ASE failure,
a. llardovers

ASE servc hard-overs may result from any of the following
y equipment malfunctions:

' 1.17
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} . (1) A broken feedback link or pilot valve,

(2) Loss of adjusfment of » comnecting linkage or
pilot valve,

(3) Improper action of the feedback linkage preventing
proper servo follow-up.

In the first two types of malfunctions, the power piston
of the affected channel is driven to its extreme position. In the
third case a constant force drives the cyclic control stick to its
extreme position.

An actual system hard-over is generated by a step-type
ASE control input which has the magnitude of the maximm authority
(20 percent) of the ASE system. The aircraft motion should be siwilar
to that resulting from & pilot-induced, step-type control input of
the same magnitude with the ASE inoperative. ‘nalysis of the data
indicates that the remote simulator panel di< not provide true hard-
overs during this test. The inputs generated by the panel were
} initially of the proper magnitude, but slowiy returned to the trim
4 position after spproximately 1 second. The helicopter reaction was
l similar to that resulting from a 10 percent cyclic or a 20 percent
[ pedal pulse input, instead of the st:g;type control movement. There-
fore, in order to properly evaluate resulting motions of the (i-37B
to ASE failures which result in hard-overs, it was necessary to
analyze both the simlator panel results and the results from the
pilot-induced step-type control inputs.

From the simulator panel results it was found that the
initial motion was in the same direction as the control moverment
} which resulted from the failure, With the controls fixed the re-
action was usually a long period, lightly damped oscillation. The
only time it was necessary for the pilot to initiate immediate re-
covery was following a forward cyclic failure at high speed. In ;
this case the motion was a divergent pitch down and recovery was i
initiated two and ane-half seconds after the failure. Recovery was ]
accomplished without oxcessive control inputs and before extreme ‘
attitudes resulted. When an immediate recovery was initiated the ]
trim attitude could be maintained with only small corrections. 4
Time histors illustrations of these results are presented in ]
Figures No, 60 through 68, Part II.

b For a pilot induced hard-over, which was a one-inch '
J step irput with the ASE inoperative, immediate corrective action
, was required to prevent excessive rates and extreme attitudes from

developing. A complete disoussion of this aircraft motion can be

[ - fond in Section 4,b, Part I, and the time histories are presented
I in Figures No. 40 through 59, Part II,
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b. ASE Feedback Circuit Failures (Referen-: Figures No,
68 through 73, Part II). ~

The helicopter responded to a feedback circuit failure
by oscillating about the failure axis. Rates and angular acceleratians
were large in all cases, however, the directions reversed too quickly
to allow large attitude variations. A feedback circuit failure in
the directional channel resulted in rates and accelerations that were
of sufficient magnitude to create personal discomfort and concem
about the structural integrity of the aircraft.

Pilot attempts to override the control inputs and maintain
attitude results in amplification of the helicopter motions., This was
apparently caused by closed loop control response due to pilot re-
action time, The best pilot reaction to a feedback circuvit failure
is to hold the control fixed and immediately tumn off the ASE,

¢. Three-axis Hard-overs.,

The helicopter reaction to a three-axis hard-over was in-
"vestigated by actuating the two-position "Override Check" switch
during flight. This resulted in a combined nose-down, left roll, and
left yaw maneuver (presented as a time history in Figure No. 74, Part
II). Actuation of the switch in the opposite direction resulted in
a combined nose-wp, right roll, and right yaw maneuver.

d. Actual Malfunctions

Several actual vibrational disturbances, one of which is
presented as a time history in Figure No. 75, Part II, were encountered
during testing. The malfunction that caused these disturbances was
never determined except that it probably was in the ASE. It was not
possible to determine whether the malfunction was peculisr to this
installation or is inherent in all CH-37B helicopters.

6. Control Forces

Tests were conducted to determine the force gradient and
friction forces present in the control system. These tests were
performed with the helicopter on the d with the rotor stationary,
During the tests, the utility hydraulic system, the main servos, and
the ASE servos were opersted in a manner which similates various
normal flight emergency conditions. The results of these tests are
presented in the following Table:

TABLE IV

(See next page)
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TABLE IV
Utility Longitudinal Lateral Directional
Hydraulic Main ASE Stick Force Stick Force Stick Force
System  Servos  Servos -pounds __-pomds -pounds
Off 0‘ Off S.S 605 =
On On off 3.5 4,5 35.0
On On On 1.5 2.5 20,0

Longitudinal and lateral breakout forces are satisfactory and there
is no apparent dead-band region. Incorporation of the ASE servo in
the (H-37B reduced the forces and is a decided improvement over the Qi-37A
with all systems operating, With the stick trim tumed "off and all
servos operating, less than one pound of force was required to move the
cyclic control stick through full travel.

The high directional control friction forces are unsatisfactory.
The values recorded for the CH-37B are greater than those reported for
the Qi-37A in the report AFFIC-TR-60-15. These high pedal forces in
addition to the high sensitivity increase the tendency for the pilot to
overcontrol and male precision flying difficult especially while

hovering.

7. jAlrspeed Calibration (Reference Figure No. 75, Part II).

The sensitive airspeed system fitted to the test aircraft
wes calibrated by the ground speed course method. The helicopter was
flown in OGE level flight at each airspeed on reciprocal headings
to nullify wind effects., The engines were operated at normal mixture
and 2600 rpm. The average gross weight was 26,000 ds and the
center-of-gravity was located at Station 236.5 (mid). There were no
external stores and the landing gear was down,

G. CONCLUSIONS

The limited performance tests conducted during this program did
not determine that there were any required changes in the Operator's
Manual. However, significant variations in level flight maximum
airspced, fuel flow characteristics, power required, and power available
were found during the evaluation. These variations were not considered
to be a result of the change in the horizontal stabilizer location
or the side door conversion. The variation is attributed to differences
in the engine characteristics and power measuring techniques employed
in the different tests., Analysis of the test results do not indicate
sufficient justification for changing the performance date presented in

Operator's Manual,
1.21
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Static longitudinal speed stability is satisfactory and was
found to be slightly more positive than that reported for the Gi-37A,
This increase in positive stability is attributed to greater pitching
moments from the relocated horizontal stabilizer., Static longitudinal
stability was not affected by the ASE,

For all flight conditions other than low airspeed autorotation,
the static directional stability is satisfactory and dihedral effect
is positive. The helicopter has good pedal fixed maneuvering
capability in level flight, During low speed autorotation a '‘wallowing'
motion is prevalent and directional control inputs have little effect
on yaw attitude.

Forward and rearward flight tests indicate that more than 30
percent of the aft longitudinal stick travel remains at airspeeds
up to 30 knots TAS in rearward flight,

With the exception of longitudinal motion, no significant changes
in the dynamic stability are apparent between the Qi-37A and Cii-37B
with the ASE "off". With the ASE "on'" the dynamic stability is improved
considerably in all cases. Relocation of the horizontal stabilizer
apparently provides greater longitudinal damping in forward flight,

Control sensitivity is essentially the same for the (i-37B as
for the Gi-37A, and is not significantly affected by operation of the
ASE,

Control response about the longitudinal and lateral axes is
satisfactory with the ASE "off" and is comparable to the Qi-37A test
results, The directional control response is excessive, and, combined
with the high pedal forces, causes frequant overcontrolling in
hovering flight. For all axes, operation with the ASE "on' lowers
the control response and provides better flying qualities, particularly
during precision hovering.

ASE failures which result in maximum authority control inputs
are controllable if recoveries are initiated within a reasonable
time period. Excessive delay results in extreme aircraft attitudes, 1
The helicopter responds to an ASE feedback circuit failure (oscillating i
full authority control inputs) by oscillating about the failure axis,
The best pilot technique for recovery is to fix the control and
immediately tum off the ASE.
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H. RECOMMENDATIONS 1

It is recommended that accomplishment of the following items be
given consideration:

1. No changes should be made to the Operator's Manual based on
the performance data in this report, .

2, Automatic Stabilization Fﬁtlxipmnt should be installed in all
(Gi-37 aircraft to improve the handling qualities,

3. A study should be conducted to verify the structural integrity

of the tail rotor pylon. Rapid yaw movements resulting from large -
inputs or directional hard-overs may be of sufficient magnitude i

to allow the forces to exceed the structural limits of the aircraft. i

4. A note should be added to the Operatot's Manual (TM55-1520-203-10)

briefly describing the helicopter's response to ASE failures in the '
various modes and the best method of recovering from each.

RICHARD J. KENNEDY, JR.
Lieutenant Colonel, TC
Commanding

. W U WP, T
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DYNAMIC STABILITY

[ (See'Pulse’ Time Histories)

. Figures No, 16 - 33 Inclusive

2.17 through 2.34
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CONTROLLABILITY

(See "Step' Time Histroies)

Figures No. 40 - 59 Inclusive

2.41 - 2.60
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(See Time Histories)

Figures No, 60 - 75 Inclusive

2.61 - 2,76
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I. TEST TEGHNIQUES AND DATA ANALYSIS METHODS
A, General

A brief description of testing udmimés, methods of analysis,
and the equations used in the correction of performance and stability
and control data to Standard-Dey conditions are outlined in this
section.

B. Performance

The non-dimensional parameters used in the data analysis of
the major items affecting helicopter performance are defined as follows:

Cp = _BHPg x 550
oA OR)3

CT = W
PACR) 2

= VI
A N R

Where:

= Power Coefficient

= Thrust Coefficient

= Rotor Tip Speed Ratio

= Brake lorsepower - 33,000 ft.-1b/min
Air Demsity - slugs/ft.3

= Rotor Disc Area - sq. ft,

= Angular Velocity - radians/sec.

= Rotor Radius - ft, .

= Aircraft Gross Weight - 1b,

5==?>3 Exgg

= True Airspeed - Knots

3.3




Subscripts used in this report are as follows:
s = standard
t = test

This nondimensional method assumes that.t.hex'e are no significant
compressibility or blade stall effects on the rotor.

Constant W/o ratios corresponding to approximate density altitudes
of 5000 feet and 10,000 feet were maintained during the level flight

tests,

Torque meters, driven by the two main drive shafts, were found to
produce data with excessive scatter, therefore brake horsepower was
derived from the engine msnufacturer's power chart illustrated in
Figures No. 78 and 79, Part II]., The manufacturer's ratings of power
required to drive the engine cooling fan and generator (95 and 0.8
percent engine BHP respectively at 2600 engine rpm) were then sub-
tracted to find shaft horsepower. The equation:

SHPs = SiPy [ /©s
/ot
was then used to correct test power to Standard-Day conditions.
True Speed was calculated using the following equation:
Vr = Vcalibrated

~o
In order to compare (H-37A and Gi-37B performance data, the
following was accomplished:

(1) Values of Cp, Cr, anduwere found for the Qi-37A (from AFFIC-
TR-59-14) at the same test conditions as the (H-37B.

(2) @i-37B Cp and p values were then obtained from the summary plots
(Figures No. 1 and 2, Part II) at the (-37A Cr values.

(3) The Cp and p values for both aircraft were converted to SHP
and VT terms and then plotted at the common CT values,

The resulting plots provided a comparison between the two heli-
copters as illustrated in Figure A, Part I,

Fuel flow data was reduced to specific range (nautical miles per
pound of fuel) by the following method:

Specific range = V1 / Wfg




w

TYNYON

E == -+ = ==
i T == x =]
= T i 1 T .
E F I =3 —
;oo v g =L = =4
-1 = : : !
71/ EVID B == : e =
=
= et
S-E1 0 ve Dmmn WY pa I I I I
£ 81 W v ETEe T :
ISE L CuvE IID ST Eeso S e e t == B = : :
1LY ONWE MOSEMSCO it 1 :
0 CHYE PED JOn 3 5L = : : ; = T =
}.ﬂ.ll! =4 a0 hatea T30} i af = f o dw ko f g o] 1 s o b : FS = : =
HOUYSSTYD 39 = ClOn Wesma0 BTSN SeTeIS BLDA TrANON HIM SNCWONC) SN :: [T ) LT
o APVERRY ABUNS D L1Ve4 Zl_Sovav Syvevi) §v BN qXOmevs oy R0y SRR — MO VENTYY) MPSTY ] wow gxomans




" et s B0 o it o @ o lhan

|
il 8] " | & | & o | &
- - | - . X
-t — ~+ = f Tttt == ol + o
.- — . 1 T | + + T
T T i el I e e Rl i : | T T T = +
. ———— ===== H— 3 : == :
i — -
B = i 1 3t
= 4+ prr—— ot
L1 T T +
1 T T
t t +
- — -
1
- e - — o
- - o4
1 1 - o - -+ -
- - 4 -4 L T
= . i i 1
1
| wd - i - -n
| == St - - T
ooa : * +-
= — - = $ : 4+ ¥ = '
= = H L = 1 .
ettt 1
: = > == Tt
— + 1 + 1 = $ ¥ s M
: ¢ 7
- 3 oo - -
T 1 = : > . f
4 1 ¥ i
i s 1
1 X ;
H It t — 3 + : -7 =
1 + =t F
| is% T 1 - L1] == == == = .
‘- £l -
- - = = ——— — = = ste
=+ - ot o s s - -
L S T s : :
: 1 = +
= — . L =
=== - : =7 ¥ s o
QYN = TREEER i SiEs s
1
2k > ———— =5 1 - — - i Tt
:# - - B = .w — 4 +
+ = —— — -
IR $ * . == - [1] = ' : - —
m " “ 4 —— e — =1 — .ll- = —— =—p— Iw-.ll - il -
i e == L] - - m
1
E: == il =
= 3= = ] S M 1 =
15 -1f-9 uva s LOTT) == +
o= T 4 —] = = 3t
Fi S 50 JOVED T -+ 1 T ¥ T . 1 = - 3
+ rdAeht £ : + 1
= : = S = Fir
S-G 306 W Demmce W S : = b T = o iE may e
& I vl @I 1 T it T ——— - ¥ = . :
VOE L Cawe D e by b e e = = oy e " : = 1
| B49 Ouvy MOSEISSOD - 4 == == 1 $
F 00 Ouwve IwiD £Om === S IISEEESEE =s = - — = 1 - :
- = =R I E R e, = — —— P S - 3 I
S0 - 00WE - WO e | = Irl....w.r e e i — LT rr o i peta e s fac el FiTo == TEE
-t —
HOUYSETTYD Iroes) E == GLON Easaiul B SUTWILS IWWESN W30 e SMOWKNOD B + j CON BAERel BN Ol U MM N
LAVEDETY ASHLUIAE P Lived = e i TV Fa [ i RO — MORIYEE YYD N TY 1 ¥4 1 — I O LA EOd IERCH HOUVERTY) BATY \'B 3

£ - O™ LGN Te D Lk

>3




Where:
wf = fuel flow )

' Fuel flow values found under test conditions were corrected to
standard conditions by use of the SiiPt versus Wf, at each altitude,

| The plot was entered at test conditions, and, by moving parallel to :
the curve, a standard fuel flow corresponding to a BHPs was determined. i

C. Stability and Control ]

Static and dynamic stability and controllability of the
) aircraft was determined from an analysis of the helicopter motion
resulting from pulse and step type control inputs. Tests were con-
ducted for both ASE "off" and ASE "on" conditions.

Pulse inputs were obtained by rapidly displacing the control
from trim position, holdii.g the new position for a period of approx- ]
imately 1 second, then retuming the control to trim and mainteining _,
this position until recovery was necessary. The linearity of the ;
stability and controllability characteristics were determined by 1
various size control inputs up to a maximm of more than one inch.

Precise inputs were insured by use of a control jig which
was operated by the copilot. Each axis was investigated separately :
and all other controls were held fixed during the maneuver. ji

] The effect of the Automatic Stabilization Equipment (ASE)
on the total input was recorded through use of a pickup located
directly behind the ASE system., This instrumentation feature made
it possible to isolate the total input (which includes the ASE input)
from the pilot input. A simplified illustration of this is
presented in Figure E.

FIGURE B
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) (Minor movemmnts in control position thatwe not evident from the total
input iumpich.gcnboattﬂbmdto"squ' in the mechanical and
electrical linkages located between the control position pickup and the

total input piclap.)
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hard-over type failures were

Simulated hard-over and oscillating
into the ASE system.

evaluated by inducing the proper signals

3.8




ANNEX C
DESCRIPTION OF MATERIEL
1. General

The Gi-37B is a twin-engine, all-metal cargo/transport manu-
factured by Sikorsky Aircraft, Dnnsxon of United Aircraft Corporation,
Stratford, Connecticut.

a, Power - Power is provided by two Pratt and Whitney R2800-
54, 18 cylinder, twin-row, radial engines, each equipped with a single
stage, single speed supercharger. Each engine is rated at 2100 BHP
maximm power (5 minute limit) and 1900 BHP normal rated power
(maximon continuous). The engines are mounted in nacelles at the ends
of short wings which ~lant downward from the fuselage at an approximate
12,5 degree angle,

(1) Carburetion. Each engine has a rectangular barrel,
pressure type, down draft carburetor equipped with
automatic mixture control. Two carburetor air
levers, mounted on the engine control quadrant,
mechanically actuate doors in the carburetor air
intake duct by mesns of control cables and linkages.
Mixture control is available in three stages: rich,
normal, and idle cut-off. The fuel priming system -
is an integral part of the carburetor. Fuel is
directed to discharge nozzles up stream of the
iq)eit];:er section of the ergines for starting the
mg L ]

(2) ition. A low-tension type ignition system is
pmaaa for each engines. Direct current flows
from the circuit breaker to the starter relay, to
the induction vibrators, and then to the ignition
switch, After the engine is started, the magneto
supplies the power for firing the plugs.

(3) Cooling., Air is forced over the engines bty engine-
f Cooling air is necessary as ram air
is not available during hovering and ground operations,

(4) Fuel Svstem. A main fuel system and an auxliary
Tuel system are provided for each engine, These '
systems are interconnected to permit use of all
systems with one engine in case of an emergency.
This also perrits compensation for different fuel
consunption rates between engines.

3.9
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(a) Main Tanks. The two main tanks consist of two
Interconnected bladder-type fuel cclls each,
one located in the wing section and the other
in the nacelle, Electrically operated sump-
mounted booster pumps in each wing cell supply
fuel under pressure to the system. Fuel
flows from the tank through strainers and
valves to the engine-driven fuel pumps and
then to the carburetors.

(b) The Auxili Fuel System, This system con-
m?%r—wgﬂ'g'hlm or two 300
gallon capacity drop tanks positioned approx-
imately at cabin floor level and extending
slightly forward of the wings. Auxiliary
tanks were not used during this evaluation.

b, Transmission.

(1) Engine Drive Shafts. These shafts slant inboard
and forward at q:p?&'i&'!y 10 degrees and are each splined to a
hydro-mechanical rotor clutch.

(2) Clutches. The clutches are connected to the main gear
X

(3) Main Gear Box. This unit, containing a two-stage
planetary sur system, n’&uoes engine rpm at a
ratio of 14,01:1,

(4) Tail Rotor Drive Shaft. Extending aft from the
" main gear box,this shaft drives the intermediate
gear box,

(5) Rotor Brake, The rotor brake is located on the tail
Totor drive shaft just aft of the main gear box.

(6) Intermediate Gear Box, Located at the base of the
rotor pylon, S gear box changes the
direction of the torque transmission to the tail
rotor, and provides a discowmect point for
folding the tail rotor pyl/m.

(7) Tail Gear Bax. The tail gear box located at the
top of the pylon contains a right-angle bevel gear
reduction drive system to transmit engine torque
to the tail rotor. '
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c. Rotor System

This sytem consists of the main rotor system and the
tail rotor system, which are driven through the transmission system
and tontrolled by the flight control system.

(1) Main Rotor System, The main rotor head and the
Iive main rE*or blades make up the main rotor
system.

(a) Main Rotor Head, The main rotor head supports
the five main rotor blades and provides means
for transmitting the movements of the flight
controls to the blades., The following items
comprise the main rotor head: the main rotor
hub, which consists of an upper and lower plate,
hinge asseiolies, sleeve-spindle assemblies,
and five dampers; the star assembly, which
consists of a rotating star and a stationary
star; restrainers; rods and assemblies; scissors;
and locks.

(b) Main Rotor Blade<, The five all-metal main
TOtor blades are constructed of aluminum alloy
except for steel cuffs at the root ends. The
chord length is 23.65 inches. The blade hinging
is fully articulated. Restrainers and stops
limit the motions. The leading edge of each
blade is a hollow extruded spar; the trailing
edge consists of individual pockcts of honey-
comb ribbed core construction bonded to the
leading edge s -r,

(2) Tail Rotor System., Four all-metal blades, a rotor
assembly, ang a pitch change mechanism make up the
tail rotor system, The blades are fully articulated.
The tail rotor drive shaft is hollow to fecilitate

the blade pitch changing mechanism.

d. Fli%t Control System. This system consists of a main
control system, cyclic stick trim syster, the tail rotor flight
control system, the flight control servo hyuraulic system, and the
automatic stabilization equipment (ASE).

’

(1) Main Rotor Flight Control System. This system
provides Iongi a and vertical control
by mechanical and hydmhc means. The cyclic
stick changes the pitch of the main rotor blades
to create lift as they rotate, thus effectively
tilting the tip path plane and providing
horizantal as well as vertical thrust, Hydraulically
operated flight control servos assist the mechanical
linkage.
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(2) clic Trim System, The cyclic trim system permits
tr go cyclic stick by means of the two

spring loaded struts connected to magnetic brakes.

(3) Tail Rotor Fli%t Cantrol System. This control
system compensates 1or main rotor torque and permits
directional control. Control action is assisted
by hydraulically operated flight control servos.

Dampers prevent abrupt movements,

(4) Flight Control Servo Hydraulic System, The servo
n e 3 3 forces and

because of nonreverseability, reduces the main rotor
vibratory loads.

(5) Automatic Stabilizati . See
ction C.Z.a. for description.

2, Major Differences Between the (i-37B snd the Qi-37A.

Listed below are the items which might have had an effect
on the performance, stability, or control of the Qi-37B, These items
are either changes or additions, as noted, to the CH-37A.

a. Automatic Stabilization Equipment (ASE) (Additional).

The purpose of the ASE is to improve the handling char-
acteristics of the helicopter to permit awtomatic cruising flight and
hands-off hovering. The ASE provides improved dynamic stsbility
within the center-of-gravity limitations of the helicopter. The ASE
incorporates four control channels: pitch, roll, yaw, and altitude,
In each chamel an sppropriate electrical displacement signal is
initiated, modified, and amplified to provide a control voltage for
the servo motor assembly. The servo motor assembly actuates the
helicopter's flight control system in such a manner as to dampen the
helicopter's motion. The control action of the ASE is limited to
approximately 25 percent of the range of the helicopter flight control
system authority. An ASE block diagram is presented in Figure F,
Part III.

b. Fixed Stabilizer. (Oxgg)

The adjustable stabilizer located on each side of the
aft fuselage section of the (-37A was removed and a fixed stabilizer

" was attached on the CH-37B to the top right-hand side of the pylan

opposite the tail rotor. The fixed stabilizer is installed with a 10
degree dihedral angle and a zero degree incidence setting,

3.12
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FIGURE F.
PART III
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c. Cargo Door (Change). The CH-37B has a sliding cargo
door located in section O cabin on the right hand side
£ forward and aft sections that

of the fuselage. The door consists o
ride on tracks sbove and below the door. This improved door replaces

the 3-section @i-37A door.

d. 0il Tank SChanﬁ) A rigid fiberglass oil tank
with a normal cspacity o gallons replaces the bladder-type oil
(t}ml;‘]xf 13.3 gallons normal capacity which was incorporated in the

e "

3, Dimensions and Design Data.
a. Main Rotor Disc Diameter

72 ft.

b. Tail Rotor Disc Diameter 15 ft. 1

c. Width (overall)
(1) Maximm (with rotors stationary)
- - - (approx) 68 ft. 5.75 in.
(2) Minimm (with rotors stationary)
- - - (approx) 65 ft. 1.5 in.
(3) Minimm (with main rotor blades folded or removed)
27 ft. 4.0 in,
(ﬁ) Width (at tail cone)
17 £t. 10 in,

d. Length (overall)
(1) Maximum (both rotors at extreme position)

88 ft.
(2) Minimm
(a) (Both rotors at minipum positians)
79 ft. 6,64 in.

(b) (Main rotor at minimumm; tail rotor at extreme)

« - -(approx) 81 ft. 4,35 in.
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(¢) (Main rotor at extreme; tail rotor at minimum)
- - -(approx) 85 ft. 11.61 in,
(3) Minimm (blades and pylon folded)
55 ft. 8,0 in.
e. Height (overall)
(1) Maximum (tail rotor at high position)
22r ft
(2) Minimm (tail Totor at low position)
20 ft. 0.23 in,
(3) Height (pylon folded at tail come) ,
(rotor at 35.75 degrees)

15 ft. 1 in,
Main Rotor Blades
a, Number of Blades S
b. Weight (approx) 350 1b.
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